Abstract. The eruptions ofEl Chichon volcano on 28 March and 3 and 4 April 1982 were observed by the Nimbus 7 total ozone mapping spectrometer due to strong absorption by volcanic gases at the shortest wavelengths of the spectrometer (312.5 and 317.5 nanometers). These ultraviolet pictures permit a measurement of the volume, dispersion, and drift of volcanic gas clouds. The tropospheric clouds were rapidly dispersed in westerly winds while persistent stratospheric clouds drifted in easterly winds at speeds up to 13 meters per second. The spectral reflectance is
consistent with sulfur dioxide absorption and rules out carbon disulfide as a major constituent. A preliminary estimate of the mass of sulfur dioxide deposited in the stratosphere by the large eruptions on 3 and 4 April is 3.3 x 106 tons. Prior estimates of volcanic cloud volume were based on extrapolation of locally measured sulfur dioxide concentrations.
The major eruptions of El Chichon volcano in southern Mexico (17.30N, 95 .2°W) were observed with the total ozone mapping spectrometer (TOMS) instrument on the Nimbus 7 satellite. The eruptions began on 28 March 1982, recurred on 3 April, and culminated in the largest eruption on 4 April 1982 (1). The volcanic clouds caused strong absorption in the shortest wavelength channels of the TOMS instrument, which was designed to map the daily, global total ozone field with high spatial resolution by measuring the ultraviolet albedo of the atmosphere.
Volcanic gases are transparent to visible radiation and their infrared bands are generally masked or confounded by the permanent atmospheric constituents (CO2, H20, and 03). Thus the volcanic clouds appearing in published satellite images are composed of ash and aerosols. The gaseous emissions have been sampled from high-altitude aircraft and the total gas volume is derived indirectly from these point measurements and estimates of flow rates of plume material. The ability of TOMS to resolve the full cloud permits a measurement of the volume of the gaseous cloud elements that absorb at near-ultraviolet wavelengths.
The TOMS instrument (2) The spectral characteristics of the cloud can be deduced from the spectral reflectance at the TOMS wavelengths. Figure 2B shows the logarithm of the reflectance (earth radiance, I, divided by solar irradiance, F) for the same cloud trace as Fig. 2A log -nJ,o) Aso(A)S pu (1) where I(XJ,,0) is the unperturbed radiance, F(A) is the incident solar irradiance, aso, is the SO2 absorption coefficient (3), and pu is the slant path length through the SO2 layer. Vertical column SO2 is then calculated from -log I'l (2) In practice, the ratio of radiances for pairs of TOMS wavelengths is used to decrease the sensitivity to errors in external parameters including air pressure and reflectivity at the lower boundary. The background radiance is estimated by interpolation between the unperturbed regions on either side of the cloud, as shown by the dashed lines on the 312.5-and 317.5-nm curves in Fig.   2B . The As part of its normal operating sequence, the Pioneer Venus radar mapper experiment (1) measured the background radio noise reaching the radar receiver at a wavelength of 17 cm. Its radar antenna, fixed to the spinning spacecraft, made two such background measurements each 12-second rotation, one while the antenna was pointing down to the hot planet (the planet calibration) and the other while the antenna was pointing outward to cold space (the space calibration). During a typical daily orbital pass, over 300 pairs of such radiometric measurements were made, their primary use being to monitor receiver performance, which proved to be extremely stable. Because of the inclined orbit, coverage was restricted to planetary latitudes between 75°N and 75°S. Nonetheless, because the planet rotated under the orbital plane during the experiment's 28-month lifetime, 94 percent of the planetary surface was observed.
The antenna "footprint," the area of planetary surface filling the beam during a planet calibration measurement, was determined by the antenna's 30°accep-tance cone angle, being 90 km in diameter at the lowest periapsis altitude of 150 km and increasing nearly linearly with altitude as the spacecraft climbed to the maximum radar operating limit of 4700 km. This variation is in contrast with that of the radar altimeter's footprint, which was largely controlled by the radar waveform, rising from 7 by 23 km at 200-km altitude near periapsis to about 100-km diameter at 4000-km altitude (2) .
The global map of the planet calibra- 24 JUNE 1983 tion data is shown in Fig. 1 The physical surface temperature of the median plains, which lie within 1 km of the median planetary radius of 6051.6 km and cover some 80 percent of the surface of Venus, has been determined by the Venera landers (4) and by the Pioneer Venus probes (5) to be 735 + 10 K. On the basis of the global altitude measurements of the Pioneer Venus radar and the nearly adiabatic lapse rate of -9 K/km determined by the Venera and Pioneer Venus probes, Theia Mons and the equatorial highlands at a radius of about 6056 km should be 40 K colder than the median plains, an effect that would be barely discernible in Fig. 1 , where the statistical measurement errors approach 15 K. How, then, can we explain the substantially cooler emission temperatures actually observed?
The thermal power emitted by an object at radio wavelengths, where the Rayleigh-Jeans approximation to the emission law is valid, depends on the product of its physical temperature (Tp) and its emissivity (e). When viewed from above, the total power seen from a planet per unit surface area will be the sum of an emitted and a reflected component and will, in general, vary with 0, the angle of incidence to the local surface normal at which the observation is made. 
